Distinct steps in dislocation of luminal endoplasmic reticulum-associated degradation substrates: roles of endoplamic reticulum-bound p97/Cdc48p and proteasome.
Dislocation of endoplasmic reticulum-associated degradation (ERAD) substrates from the endoplasmic reticulum (ER) lumen to cytosol is considered to occur in a single step that is tightly coupled to proteasomal degradation. Here we show that dislocation of luminal ERAD substrates occurs in two distinct consecutive steps. The first is passage across ER membrane to the ER cytosolic face, where substrates can accumulate as ubiquitin conjugates. In vivo, this step occurs despite proteasome inhibition but requires p97/Cdc48p because substrates remain entrapped in ER lumen and are prevented from ubiquitination in cdc48 yeast strain. The second dislocation step is the release of accumulated substrates to the cytosol. In vitro, this release requires active proteasome, consumes ATP, and relies on salt-removable ER-bound components, among them the ER-bound p97 and ER-bound proteasome, which specifically interact with the cytosol-facing substrates. An additional role for Cdc48p subsequent to ubiquitination is revealed in the cdc48 strain at permissive temperature, consistent with our finding that p97 recognizes luminal ERAD substrates through multiubiquitin. BiP interacts exclusively with ERAD substrates, suggesting a role for this chaperone in ERAD. We propose a model that assigns the cytosolic face of the ER as a midpoint to which luminal ERAD substrates emerge and p97/Cdc48p and the proteasome are recruited. Although p97/Cdc48p plays a dual role in dislocation and is involved both in passage of the substrate across ER membrane and subsequent to its ubiquitination, the proteasome takes part in the release of the substrate from the ER face to the cytosol en route to degradation.